length. We improved the gain of about 0.7 dB and the NF of 0.9 dB as changing the splice loss optimizing wavelength from 980-1550 nm.
In saturation region of EDFAs, the splice loss must be optimized at pump wavelength, because small signal loss can not affect the gain and output power of amplifiers but the loss of pump power is very important in saturation region. As shown in Fig. 3 , we demonstrated that saturated output power was maximum when the splice loss was minimized at wavelength of 980 nm, on the other hand the NF was minimum as the splice loss was minimized at 1550 nm still.
In summary, we have measured and analyzed the performances of EDFAs as changing the spectral splicing conditions. From the results of experiment, we could know the followings.
The gain and NF of amplifiers were improved by changing the minimum loss wavelength from 980 nm (pump wavelength) to 1550 nm (signal wavelength) such as 0.8 dB and 0.9 dB respectively. As changing the minimum loss wavelength hom 1550-980 nm, the saturated output power of amplifiers increased about 0.3 dB but NF was degraded about 0.9 dB. Long-period optical fiber gratings have found various applications including sensors for temperature, strain, and refractive index',' and for Wavelength m
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applied to the long-period grating. sensitivity of the transmission spectrum to bends of the host fiber has been reported.' In order to take advantage ofthis large sensitivitywe have systematically examined the bend sensitivity obtainable by a long-period grating. Long-period fiber gratings are written using a frequency doubled cw argon ion laser producing 30 mW at 244 nm, as shown in Fig. l(a) . By scanning the fiber under the beam and varying the scan speed between 100 :m/s and 1 cm/s in a stepwise fashion a periodic variation of the refractive index is created with a period 7.
To characterize the bend sensitivity the fiber is mounted in two fiber holders 7 cm apart, as shown in Fig. l(b) . The angle, 2, between the holders can be varied from 0-70 mrad and for each angle the positions of the holders are adjusted so that the fiber follows a circular arc.
A long-period grating with 7 = 400 :m, 50% duty cycle and a total length of 2 cm was written in a DJoaded 3.5 mol% Ge0,-doped single-mode fiber. The transmission spectrum for different bend angles is shown in Fig. 2 . For increasing bend angles the resonance dip becomes shallower while the bandwidth increases. The shift in the center wavelength indicates tension in the fiber. Figure 3 shows the transmission at resonance as a function of the fiber bend angle. A linear curve fit shows that the grating has a bend coefficient of 0.77 dB cm/mrad (the cm is from normalisation with the A WM49 Fig. 1 Two-mode fiber devices based on mode coupling between the fundamental and second-order modes have been demonstrated as frequency shifters and tunable wavelength filters.' The spectral bandwidth of the devices is determined by the dispersion of the beat length between the two coupled modes. It has been known' that the beat length has a minimum where the two spatial modes have the same group velocity, making it possible to realize broadband devices. This occurs at V -3 in the case of step-index, circular-core fibers, where V = ( 2 d h ) rco(rco2 -nCf2)'" is the normalized frequency. In this work, we demonstrate a broadband, low loss, and polarization-independent acousto-optic (AO) modulator by using a two-mode fiber that was designed to have V 3 around 1550 nm. The device can be useful in wavelength-division multiplexing (WDM) communication systems where, for example, signal power variations at erbium-doped fiber amplifiers (EDFAs), associated with channel addldrop, need to be controlled to avoid output power transient^.^ With the addition of a mode-selective coupler: the device can also be operated as a 1 X 2 s~i t c h .~ Figure 1 shows a schematic of the switch based on A 0 mode coupling via the flexural acoustic wave.' When the acoustic wavelength matches the beat length, resonant coupling takes place. A two-mode fiber (nee -ncl -0.007, core radius of r,, -5 pm, clad diameter of 80 pm) was spliced to conventional single-mode fibers with a minimal core misalignment to minimize the unwanted excitation of the second-mode fibers with a minimal core misalignment to minimize the unwanted excitation of the second-order mode. Mode strippers employing a tight bending of the two-mode fiber ensure only the fundamental mode to enter and exit the 25-mm-long A 0 interaction region where the polymer jacket of the fiber was stripped off. Figure 2( a) shows the phase-matching acoustic frequency, which is approximately inversely proportional to the square of beatlength as a function of the optical wavelength. It is clear that the beat length has a minimum around 1550 nm. When the acoustic frequency was 2.024 MHz, mode coupling was observed over 80 nm from A = 1510 nm to 1590 nm with only a fraction of a dB variation in rejection efficiency, as shown in Fig. 2(b) . The rejection efficiency was controllable up to 18 dB with negligible polarization dependence in the 80-nm range. The excess loss of the device was < 1 dB due to the splices and mode strippers. Figure 3 shows switching characteristics of the device measured by using an external cavity laser diode and an amplitude modulated rf source. The switching time was -lops, which should be fast enough to compensate the addldrop power transients in an EDFA.3 The initial delay of -7ps was due to the acoustic waye propagation time in the acoustic horn shown in Fig. 1 . The switching characteristics were almost the same for the three test wavelengths of 1525, 1545, and 1560 nm.
In summary, we have (demonstrated a broadband, polarizationinsensitive, low-loss A 0 modulator by using a two-mode fiber designed to provide a flat-top broadband spectral response. The device has a simple all-fiber construction, and can be a potentially low-cost A 0 
